The transfer of heat across air of different densities has been examined by various experim entalists, th e general resu lt being th a t heat conduction is alm ost independent of pressure.
W inkelm ann (" Pogg. A nn.," 1875-76) m easured th e velocity of cooling of a thermometer in a vessel filled w ith th e gas to be exam ined. T he difficulty of these experim ents lies in th e circum stance th a t th e cooling is caused not only by th e conduction o f the gas w hich surrounds th e cooling body, bu t th a t also th e currents of th e gas and, above all, radiation play an im p o rtan t part. W inkelm ann elim inated th e action of currents by altering the pressure of th e gas betw een 760 and 1 millim. (w ith decreasing pressure th e action of gas cu rren ts becomes less), and he obtained d ata for elim inating th e action of radiation by varying th e dimensions of th e o u ter vessel. H e found th a t, w hereas a lowering of the pressure frem 760 to 91'4 m illim s. th ere was a change of only 1*4 per cent, in th e value fo r th e velocity of cooling, on further dim inution of th e pressure to 4 '7 m illim s. th e re was a further decrease of 11 per cent., and th is decrease continued w hen th e pressure was fu rth e r low ered to 1 '92 m illim .
About the same tim e K u n d t and W a rb u rg ( " Pogg. A n n .," 1874, 5) carried out sim ilar experim ents, increasing th e exhaustion to m uch higher points, b u t w ithout giving m easurem ents of th e pressure below 1 millim. They enclosed a therm om eter in a glass bulb connected w ith a m ercury pum p, and h eated it to a h ig h er tem p eratu re th a n th e highest point a t w hich observations were to be tak en ; th e n left i t to itself, and noted the tim e it took to fall th ro u g h a certain num ber of degrees. They found th a t betw een 10 m illims. and 1 m illim. th e tim e of cooling from 60° to 20° was independent of th e p re ssu re ; on the contrary, a t 150 millims. pressure th e ra te was one-and-a-half tim es as great as a t 750 millims. M any precautions w ere tak e n to secure accuracy, b u t no m easurem ents of h ig h er exhaustions being given th e results lack quantitative value. I t appears, therefore, th a t a therm om eter cools slower in a so-called vacuum th an in a ir of atm ospheric pressure. I n dense a ir convection currents have a considerable share in the action, b u t the law of cooling in vacua so high th a t we m ay neglect convection, has no t to m y knowledge been determined.
Some years ago Professor Stokes Stlggested to me to examine this point, b u t finding th a t K u n d t and W arburg were w orking in the same direction i t was not th o u g h t worth going over the same ground, and th e experim ents were only s 2 tried up to a certain point, and th en set aside. The d ata which these experim ents would have given are now required for the discussion of some results on the viscosity of gases, w hich I hope to lay before the Society in th e course of a few weeks ; I have therefore completed them so as to embody the results in the form of a short paper.
A n accurate therm om eter w ith p retty open scale was enclosed in a inch glass globe, the bulb of the therm om eter being in the centre, and the stem being enclosed in th e tube leading from the glass globe to th e pum p. E xperim ents were tried in tw o w a y s:-I. The glass globe (a t th e various exhaustions) was immersed in nearly boiling w ater, and when the tem perature was stationary it was taken out, wiped dry, and allowed to cool in th e air, the num ber of seconds occupied fo r each sink of 5° being noted.
II. The globe was first brought to a uniform tem perature in a vessel of w ater a t 25°, and was th en suddenly plunged into a large vessel of w ater a t 65°. The bulk of ho t w ater was such th a t the tem perature rem ained sensibly the same during th e continuance of each experim ent. The num ber of seconds required for the ther m om eter to rise from 25° to 50° was registered as in the first case.
I t was found th a t th e second form of experim ent gave the most uniform results ; th e m ethod by cooling being less accurate, owing to currents of air in th e room, &c.
T he results are embodied in the following ta b le :- I have embodied these results in the preceding diagram. The ordi nates represent the num ber of seconds occupied during the rise of each 5°, starting from 25° ; the abscissae represent the pressure. The lower portion gives the total variation in tim e between pressures of 760 millims. and 1 millim. The upper and larger portion of th e dia gram gives the abscissae in m illionths of an atmosphere. A t the rig h t side of the diagram, in the space A B C, I have draw n a series of horizontal lines increasing in length from 0*25 millim. a t 400 M., to 100 millims. a t 1 M. These show the actual lengths of th e m ean free path of the molecules of air a t the degrees of exhaustion to w hich they are opposite.* The parallelism between the curves form ed by joining the ends of these horizontal lines and the curves representing th e rate of cooling is sufficiently close to ju stify th e inference th a t they are associated phenomena.
There are two ways in w hich heat can get from the glass globe to the therm om eter-(1) By radiation across the intervening sp a ce ; (2) by communicating an increase of m otion to th e molecules of the gas, which carry it to the therm om eter. I t is quite conceivable th a t a considerable part, especially in the case of heat of low refrangibility, m aybe transferred by " carriage," as I will c a ll it to distinguish i t from •convection which is different, and yet th a t we should not perceive much dim inution of transference, and consequently m uch dim inution of rate of rise w ith increased exhaustion, so long as we work w ith ordinary exhaustions up to 1 millim. or so. F o r if, on the one hand, there are fewer molecules im pinging on the w arm body (w hich is adverse to the carriage of heat), yet on the other the mean length of path between collisions is increased, so th a t the augm ented motion is carried further. The num ber of steps by which th e tem perature passes from the warm er to the cooler body is dim inished, and accord ingly the value of each step is increased. H ence the increase in the difference of velocity before and after im pact m ay m ake up for th e diminution in the num ber of molecules im pinging. I t is therefore con ceivable th a t it may not be till such high exhaustions are reached th a t the mean length of path between collisions becomes comparable w ith the diam eter of the case, th a t fu rth e r exhaustion produces a notable fall in the rate a t w hich heat is conveyed from the case to the therm ometer.
The above experiments show there is a notable fall, a reduction of pressure from 5 M. to 2 M., producing twice as m uch fall in the rate as is obtained by the whole exhaustion from 760 millims. to 1 millim. We may legitimately infer th a t each additional dim inution of a millionth would produce a still greater retardation of cooling, so th a t in such vacua as exist in planetary space the loss of h eat-which in th at case would only take place by radiation-would be exceedingly slow.
